Stalled flavodoxin binds its cofactor while fully exposed outside the ribosome.
Correct folding of proteins is crucial for cellular homeostasis. More than thirty percent of proteins contain one or more cofactors, but the impact of these cofactors on co-translational folding remains largely unknown. Here, we address the binding of flavin mononucleotide (FMN) to nascent flavodoxin, by generating ribosome-arrested nascent chains that expose either the entire protein or C-terminally truncated segments thereof. The native α/β parallel fold of flavodoxin is among the most ancestral and widely distributed folds in nature and exploring its co-translational folding is thus highly relevant. In Escherichia coli (strain BL21(DE3) Δtig::kan) FMN turns out to be limiting for saturation of this flavoprotein on time-scales vastly exceeding those of flavodoxin synthesis. Because the ribosome affects protein folding, apoflavodoxin cannot bind FMN during its translation. As a result, binding of cofactor to released protein is the last step in production of this flavoprotein in the cell. We show that once apoflavodoxin is entirely synthesized and exposed outside the ribosome to which it is stalled by an artificial linker containing the SecM sequence, the protein is natively folded and capable of binding FMN.